Abstract. Objective: To evaluate the application effect and value of low-dose kV and mA for chest examination in children by multi-slice CT.
Introduction
So far, multi-slice CT has been widely used for children in chest examination, which has the advantages of fast scan speed and high-resolution image. But the side effects of higher radiation doses have aroused more and more attention [1] . Children are in growth and development stages and are more sensitive to radioactive rays than adults, so radiation doses should be reduced during CT examination [2] . International and domestic academics have done a series of researches and assessments [3] , however, there is few research about the clinical effect and application value of using low-dose multi-slice CT scanning in children chest examination. This study aimed to study the clinical effect and application value of using low-dose multi-slice CT scanning in children chest examination combined reduction of kV and mA value, hoping to provide a safer, less invasive and more reliable way to perform clinical examination.
Materials and Methods
General Information. 120 children patients (58 males and 62 females, aged 2~13 years, mean age 7.33±3.02 years) underwent chest computed tomography (CT) in the period between June 2012 and March 2014 in our hospital. All children patients were divided into six groups (20 samples in each group) according to different kV (X-ray tube voltage) and mA (X-ray tube current) values, including control group, 100kV group, 80kV group, 80mA group, 60mA group and combined reduction group. There was no statistically significant difference in age, gender and general pathogenic condition.
Experiment Method. The patient lied on the scanning bed while the 64-slice spiral CT (Aquilion, Toshiba) scanned from rib cage to diaphragm. Injection of a 10% solution of chloral International Conference on Education, Management and Computer Science (ICEMC 2016) hydrate was recommended when children could not hold breath to cooperate with the doctor. Firstly, we performed a topogram scan, then prepared the specific scanning program. Parameters for topogram scan were: filter function (L03), 120kV, 100mA; parameters for scanning and reconstruction were: spiral scan, D-FOV (L field, 400mm); specific scanning parameters were: control group (120kV, 100mA), 100kV group (100kV, 100mA), 80kV group (80kV，100mA), 80mA group (120kV ， 80mA), 60mA group (120kV, 60mA) and combined reduction group (100kV, 60mA). Other scanning parameters were consistent, including layer thickness 8.0mm, reconstruction thickness 1.5mm, pitch 0.98, matrix 512×512. Lead clothes were used to protect sensitive tissues during scanning, such as thyroid, breast and gonads. After scanning, images were uploaded to Syngo workstation to perform image analysis and post-processing.
Radiation Dose and Image Quality. Parameters of radiation dose automatically generated according to the scanning parameter settings (tube current: mA, tube voltage: kV and pitch), recorded average computed tomography dose index (CTDIvol, mGy) and dose-length product (DLP, mGy*cm) in ench group. Effective dose (ED, mSV) was calculated by DLP, ED=k×DLP [k value=0.039 [4] , recommended by the European Commission]. The standard deviation of CT value was regarded as the noise value. Image quality analysis was independently conducted by two experienced doctors. The results were divided into three levels. Excellent level: lung tissue, mediastinum and trachea-bronchia were clearly displayed which had no obvious artifacts, and could meet requirements to the diagnosis. Good level: lung tissue, mediastinum and trachea-bronchia could be seen which existed a small amount of artifacts, and did not influence the diagnostic accuracy. Poor level: lung tissue, mediastinum and trachea-bronchia could not accurately display which was hard to distinguish where normal tissue structures, and did not meet the diagnostic requirements. The number and the percentage of image quality from different levels were recorded.
Analysis of Peripheral Blood Cells. Peripheral blood cells of each children patients were respectively detected before and after test (2 hours, 1 day, 1 week and 4 weeks). We obtained 1ml venous blood sample and collected in glass tubes with EDTA-K 2 , and then tested several indicators, including white blood cell, lymphocyte, intermediate cell, granulocyte, red blood cell, hemoglobin, hematocrit and platelet.
Statistic Analysis. Statistical analysis was performed by SPSS 18.0 software. All the measurement data were in the form of（mean±sd）. The comparison of radiation doses from different groups were analyzed by Paired Student's t test, which was also used in the comparison of peripheral blood cells. P<0.05 indicated a statistically significant difference.
Results
Comparison of Radiation Doses. Radiation doses in each group (CTDIvol, DLP and ED) were shown in Table 1 . Values of CTDIvol, DLP and ED in the combined reduction group dropped approximately 50% than the control group. Comparison of Image Quality. There was no significant difference in image quality among each group and all of them could meet the diagnostic requirements (Table 2) . Comparison of Peripheral Blood Cell Counts. There was no significant difference between before test and after test (2 hours, 1 day, 1 week and 4 weeks) in peripheral blood cell counts of children patients (Table 3) . 
Discussions
Multi-slice spiral CT have the advantage of speeding the CT examination, getting higher imagine resolution and time resolution, and the acquisition of a volume dataset enables us to perform three dimensional reconstruction, curved planar reconstruction in post-processing workstation, which have greatly improved the accuracy of CT diagnosis [5] . However, medical X-ray radiation has become the largest source of unnatural radiation and excess X-ray radiation would cause permanent damage of human chromosome. Children are in growth and development stages and are more sensitive to radioactive rays than adults [6] . So it is necessary to be extra careful to carry on a CT examination for children, complying with the principle of "as low as reasonably achievable" (ALARA) [7] to reduce radiation dose to a minimum recording on the basis of guaranteeing image quality. Main approaches for reducing radiation dose include reducing kV value, reducing mA value, using the technology of automatic tube current, expanding pitches and the application of special image reconstruction methods [8] . The technology of automatic tube current could reduce hazards of radiation, but it require hardware support [9] . Special image reconstruction methods include adaptive statistical iterative reconstruction (ASIR) from GE company, iterative reconstruction in image space (IRIS) and sonogram affirmed iterative reconstruction (SAFIRE) from Siemens company and dual model iterative reconstruction method (iDose) from Philips company. All these reconstruction methods need specific support of hardware and software. Reduction of radiation dose certainly will influence the image quality, increase the image noise and then reduce the spatial resolution. Lung is mainly composed of gas organization, and have the feature of nature high contrast. Children accept lower X-ray radiation dose than adults on account of small lung volume, so increased noisy signal will not influence the image quality [10] . It is a simple and useful way to reduce radiation dose by reducing kV value or mA value which had been used a lot in previous studies. Our study reduced kV value and mA value together to further reduce radiation dose and meet the diagnostic requirements. Decreased radiation dose shows exponential decline with kV value, which lead to the number of photons decrease when they reach human tissues, with the increasing of image noise [11] . In chest CT images, decreased image quality has no effect In chest CT images, decreased image quality has no effect on diagnosing by increasing of image noise, but which could significantly reduce radiation dose. In our study, both 100 kV group and 80 kV group showed no significant difference with control group in image quality. It exists a linear relationship between reduced mA value and decreased radiation dose, which has a bad influence on images in degrading the spatial resolution [12] . Our study chose mA value that could reduce chest CT scanning. The length of scanning in children was shorter than adults because of the smaller chest area of children, so the scanning time and exposure time both became shorter, which could further reduce radiation dose. Researches showed that exposure to radiation for a long time could influence peripheral blood cell counts, especially reduction of leukocyte had inhibition to medullary hematopoiesis function. Radiation exposure in children could be effectively reduced by regulating the scanning program for children chest CT examination. And there was no significant difference between before test and after test (2 hours, 1 day, 1 week and 4 weeks) in peripheral blood cell counts of children patients.
In chest CT images, decreased image quality has no effect on diagnosing by increasing of image noise, but which could significantly reduce radiation dose. In our study, both 100 kV group and 80 kV group showed no significant difference with control group in image quality. It exists a linear relationship between reduced mA value and decreased radiation dose, which has a bad influence on images in degrading the spatial resolution [12] . Our study chose mA value that could reduce chest CT scanning. The length of scanning in children was shorter than adults because of the smaller chest area of children, so the scanning time and exposure time both became shorter, which could further reduce radiation dose. Researches showed that exposure to radiation for a long time could influence peripheral blood cell counts, especially reduction of leukocyte had inhibition to medullary hematopoiesis function. Radiation exposure in children could be effectively reduced by regulating the scanning program for children chest CT examination. And there was no significant difference between before test and after test (2 hours, 1 day, 1 week and 4 weeks) in peripheral blood cell counts of children patients.
Conclusions
Low-dose multi-slice CT scanning for chest examination combined reduction of kV and mA value may effectively reduce hazards of radiation to children and the image quality meet the diagnostic requirements and is worth of being generalized.
